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»?OSTHETIC STENT 



Thxs invneion ralata, to eh . , ieii of lfl6tev .„ 10(l 
. rad 4 clo 9 y, and *or. particularly to * prost^c ,-en- • * 
introduce into a bodily duct, a blood ve,,,,^.., „ 

«»fi.pU.ty or otn.r ? roc.dur. r.quirin, iflC#fn4l , u ^ J'^ 
blood v.„. ls or iljilUr duetJ of C4vUUt< 

A significant causa of disability and d.at.t t.l.-ouohou- 
«u.t.r, of *an*i«d h „ ba , B c , rdUc d ^ ;^«- - 

th. h.art A coaptation associatad with cardiac di,..,. ia 

th. acut./chromc occlusion tblocJixnq) of blood „.„. ls .-, „ 

lTJJ n * ia t p * rtiCttUr w , iel ; d , 

C,M " l0B ,r *' l «— ^-P»» «af ?i no, and 
angioplasty. Angioplasty appear, to offsc a v.ry pf3aisi „ 

I HaT^ T" niqU# coronary 
«■ Hr.po.r.l art.ry dis.as.. Angioplasty ls a ron-,uro;cal 

«1 S ! ^ im,lV# / ,Chfli,U ' Wh,r,bY • """" * 

* taeh.d to on, and i, i„ eeoduetd ifleo th# body vi- .^^^ 

<!•«) or brachial (arm, . re . ry 4nd is dir . ctBd ta ... occ ,.. i-d 
v.s.l. one. at th. occlude axt. and whan th. cth.^r/balloon 

in placa in th. st.neais (occlusion *ass/piaqua> 
ballooo i. i«£iaea4 u.in. . radiopaque liquid. Th. Placed 
o.Uoon ca«... th. plaqu. to 5.p«r.t. and. aft.r two or 
cycla. of inflation and deflation, th. plaqu. it disolacad s-- 
.id.ntly eo r.op.n or <n«k. patant th. praviously-cc- ud-d 
vassal. 
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prov.d. a «..« for «.int.i Bin , th . p4ttney Qf . ° 

a 'successful anciopla**:, proc.dur.. 

u.l. Pat.nc so. 4.4lJ.m. mcorpcrat.d b/ 

mictuMric. -u, ? «„ e diacu „„ J 
ciac«d with rh. ..... , » fte problems asso- 

M wlM 6n# «"9ioplasey ctehniqu*. ytt fails , a „ M 
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for « btoad v.,,.! „ „ ne , ia „ d CMtr4l „ ^..i,,!, .,. 0 , 4 



013 3 3 7 2 



of plaqu that has been separated by an angioplasty p-sc-du-. 
*ne sublet stenc i* a tuou.ar icdy of braided fi li.^cn ta "n i- n 

provides a wor<mg component -men supplements -..-re it* 3* 

--ft. olcod vessel. m addition to support, the prosit ;o ' z-l^. 
of the instant invention provides braided filaments wni- lfe 
receptive L , tissue i;,, rowcn ;o provid , a P . P3!antns - 3 , d 
che stenc is 1.1 place. 



SU MMARY THE rMVENTIJN 

ourpese of the instant invention is to provide a 
prosthetic stent which m.y be collapse* for insertion -n-o a 
bodily duct such a. a blood vessel via * catheter and then may 
b. expanded to provide active internal support for the blood 
v«ss.l. To accomplish this purpose, the in,tant invention pro- 
vides a flexiole. generally tubular body of braided filaments 
having *««ns for biasing said tubular body toward an expanded 
configuration within a blood vessel. Specifically, :- e oresen- 
invention provides a prosthetic stent comprising* a flexible 
generally tubular body of braided filament., said body having a 
first configuration that is radially expanded and axially sncr- 
'-aned, and havino a second configuration that is radially 
contracted and axially lengthened: and means for biasing said 
tubular body froa-said second configuration towards said first 
configuration. 

One eabodiaant of the instant invention provides biasing 
of the tubular body by the braided filaments having teen 
annealed m a radially expanded and axially thorttnc:! z?r.- 
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0l *M7r* 

juration. In ano-.»ef ?mbod ;.r«n- . -j . - e 

,0 r., lst radul contraction Jnd M Uno ' * 
expanded into ? o,i ti on oy 4ftfUtl0I| of MgiflpU J/;^ 

=cdy eo eh . radialiy expaftd#d S3nfigurac;an< :t i9 

»cop. of M . iav-ncion „ hay- sa- wa fl 
:*Uy sitrinJca&u or h„e.f,„v.riblt. 

SESCarPTrn w or the chamt^- 

"sssQi ;n c.le oody. 

?wur.. 2 i, a flgur . 9l(niUr C<J Pigur# t illu ,„ a 
o P U, ty t . chniqu . wh „. ifl ^ cath-c4f a ^ 

atta^ad ls introduced into eh. body in «i« ar.« of 



s ion 



t« occJ 



a.« pr.vto«.ly treated a, in F io«r. 2 by anoiopla,,. PM . 



Figure 4 UUstraees an ai-.ernace eabodi.itent of - 
:s=ant inv-n-cn vh 9 r. n , ,, e prost ,. t:c ..^.^ 
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* plurality of warp filaments longitudinally -ov*n 
sr.idd-fil««, shown i, figure 3 generally parallel , 
wau.er tody of the uenc. Also sn0 wn m figure 4 „ c - e " 
integration of such an alternative embodiment and an 
angioplasty balloon as a single-we system. 



Figure 5 illustrates yet another embodiment of - e 
invention wh.rsin th. diameter of the prosthetic stent -Jy 
vary along the length cherecf. " 



sta.n 



0£SCai?TIQM or TM8 P gErEflHED eMunnr^ 

«Uh reference to the drawing, Pi 9ur . l iU ustrates 
blood io in . 60dy and in p . rUcuUf ln eh , hMft 

'••■•i 10 i, occluded (blocked, by a stenosis in the form of 
Pl«qu. 12 which restricts the flow of blood shown generally 

?igure 2 illustrate, an angioplasty procedure wher.xn 
angioplasty balloon IS attached to catheter 18 ha. been 
inserted into, the occluded art. of th. blood v„ei lQ „ d 
balloon 16 ha. been expanded to compress the plaque 12 As 
discussed earlier, the b.lloon u is inflatsd using a radioqu 
liquid, causing the pu q „. 12 to separate and. after two or 
three cycles of inflation and delation, th. plaque i, 
displaced sufficiently to rsopen or meke patent the oreviously- 
occluded bleed vessel 10. 

Figure 3 illustrates the prosthetic stent of the instant 
invention being introduced or positioned in the affected blood 



vessel 10 by a catheter 22 having 4 piston-like plunger 24 
trtereln-. Prosthetic stent 20 **y be collapsed for iu €r:;:n 

r ^ bl0 « d •'•««! v;a the catheter 22 and then expanded ta 
provide active internal support to the vessel 10 to prevent t-< 
repressed plaque from -cold flowing* back to its ori?inai 
position within the affected vessel. 



What is proposed is a means of maintaining the patency of 
the vessel reopened using angioplasty procedure by the secon- 
dary placement via a catheter 22 of the prosthetic stent 
A stent is defined as V..a device or trwld of any suitable 
material used to hold a graft in place or to provide support 
for tubular structures that are being anastomosed. • 
Anastomosis is VTI0 create a communication between two vessels, 
a passage..." These definitions were . obtained from Borland's 
"Illustrate* :-iedical Dictionary , • 24th Edition (1965), 
w. a. Saunders Co., Philadelphia, PA. 

The prosthetic stent of tho instant invention comprises a 
flexible, generally tubular body of braided filaments, tne body 
having a first configuration that is radially expanded and 
axially shortened such as the portion 26 of the stent 20 shown 
*n Figure 3, and having a second configuration that is radially 
contracted and axially lenthened such as the portion 28. Th 
p.rosthetic stent also includes means for biasing the tubular 
body from tho second configuration towards tho first con- 
figuratioa. In the embodiment shown in Figure 3, this means 
for biasing the tubular body is integral -irh the braided fila- 
ment construction in that the braided filaments have been 
annealed in tho radially expanded and axially compressed f;rst 
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configurati n to a re,-. g.om««ry, as win :e , 0 re 
fussed iat.r. flfuf . 3 Ulustcat.s ,ow ,, t brai'd.o" -ubu 
=ody *ay b. axialiy lengthened and therefore radially 
contracted to fit wuhin catheter 22. Stent 20 w lU M .« 
return to t,a radially expandad axially compressed condign ■ 
provide an active support for th. blood vessel 10. 

Th. prosthetic stent is lengthened and placed msi'e , 
catheter while the stent is m it, second conf i guratlon ; and 
positioned within the artery or v,ss.l in the are. Q f . ft . 0Pi 
gmal stenosis. Once the distal end of th. cathatar is m 
pcsiticn. the prosthetic ,.. nc ia puJn-d> „ u M iae-r(Ul 
piston component 24. fro, th, and of th. cathatar 22 to expand 
and thus support th. ? Uau. and pr.v.nt flow that would 
reocclud* eh« vtts«l. 

Prosth.tic stant 20 of th. instant mv.ntxon i, manufac- 
tured fro, virgin thermoplastic poly.stsr fib.c fila,.nts wrwcn 
are braided into a gan.rally tubular body. Th. resulting 
structure resembls", a 'Chin... finy.r handcuff d.vice A 
s.rtes of int.rwov.n fib.ri are arranoad h.iic.Uy and con- 
figur* into a tubular shap.. S . C h fib.r i, cap.bi. of inde- 
pendent angular rotation which r.sult. in . contraction or 
expansion of th. diameter of th. tub.. 

Th. f ib .r. are ori.ntad by h.at-settmg or ann.alir.g - n 
the expanded configuration of th. tub., which results in th. 
tub.'s -r.«t- geometry b.ing expanded. Th. resultant tubular 
product can also be co,pr..,.d radially to a reduced diameter 
for insertion. Th. prosthetic stent, due to its h.lie.-.iy 
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i.n .d and radially 5i asad fiU«,nt«. pc„. sst$ a 

r.slstanc. .,„ icll U , uiea0l . „ „ , ' 

.3rc«„t d.v.c. for blood vw . la cr 5odlly ?4 „ agtj 
-\ 1 " ««i«^«ing p.t.ncy o« c. ve „.i. P „ saq , „ duc . - 

»tant is b.nt to ..radius tqual 6o lM own lJUa „„ ~ " 
«» Addition,ily. tn . construction o£ tft. pro.eh.tie sent 
m particular th. h.Ucally ori.nt.d fUam.nts, p . raift , " * 
*i«.t.r eh.n,.. aion, ltnath of th . w J ^ — 3 

^od rMis;4ne . Thl , CQuld b# < W 

-.-.rnalr.inforcsm.nt 0 f . WMl . p „ f49t of • - 

-.a,.tar van.s WM r.lativ. ly ,„ort i.„,th.. Such , 
■ now* ln f igU r. 5 and will b. di,cu.s.d b.low. 

-e*ed lo« f ituduuli,. «,.,. u 4n atttna4Bt 1wmm ^ 

» on lfl th. diam.t.r a. th. l.„ gtn d.cr.as.s. «„.„ r9l .„ ed . 

: .na.h and small.r Jiam.fr. .If, how.vsr, th. „ e . PU1 l9 !.„ 
" th. longitudinally compr.,s.d stat. ac «. U r..r di.«.-.T 
supports ov.r a m.ndr.1, and ann.«l.d at an .i. vae . d Cem . ""' 
Peratur.. th. r.sf ,.o«.try i, no. en. iaro.r-diam.t.r- 
s*ort.r-i.„.th eonf l, ur , tioB , but can b. co«pr.s..d radially -c 
tt n .ion.d lonoitudinally to th. orlgin.1 wiu, diam.fr. 

Th. fib.rs for th. instant invention ar. mad. from 5i -c=- 
WibU aat.rlala. , 0 «. .,a«pi., 0 f which th.rmopiasL- 
poiy.st.e. poly.thyi.n., th.rooplastic soft s.gm.nc polyure- 
www. POiy..thyl«.th.crylat.. polyt.traf luoro.thyl.n., . ll4 - 
con. polym.rs and .l..tom.ric polyur.than. oolym.rs. 
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The materials chosen for ?:c5V.et;c sten: 3 -- 
- ric substances that will -c: = r-,-cte :.-.rcmois or alcoJ 
clotting on their surfaces, *.e. v\o =raided filaments are -on 
thromoogenic. In addition, testing .-as been accomplished 
tne areai of cytotoxicity, direct contact and extraction 
lysis* wit. 1 ! negative results, I.e. the braided filaments are 
non-toxic and non-hemolytlc. These tests indicate further — e 
biocompatible nature of the materials chosen. 

tn addition to the biocompatib i I i ty of these muter ; ils , 
their geometric configuration of high open surface area allows 
an interlacing of the surrounding tissue Endothelium in tr.e 
case of blood vessels) around and through prosthetic stents 
made from these materials. 

The' ingrowth of tissue, primarily endothelium, wmcn ;s 
the interior lining of the blood vessel, win eventually encjp- 
sulate the prosthetic stent and the contained plaque. 7?i* 
natural reconstruction of the affected >rea would then ^ 
underway. 

An alternate embodiment of the instant invention i the 
manufacture of a prosthetic stent from bioerodabie materials? 
for example (but not limited to) catgut, in situations wnere 
the necessity for permanent implantation is not indicated :n 
the therapeutic protocol. 

Another alternate embodiment of the instant inv«n:u- . : 
shown in rigure 4 and includes warp filaments that :-i 
dinally to tho axis of the tubular tody of the prcs z - 
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and art interv ven with braided filaments of the stent. As can 
- se n clearly in Figure 4, prosthetic stent 30 comprises a 
generally tubular body of braided filaments 12 and 
longitudinelly-or iented w*rp filaments 34 Interwoven into :ne 
braided filaments 32 generally parallel to the axis of the 
tubular body. Warp filaments 34 frictionelly interface with 
respect to the braided filaments to maintain the prosthetic 
stent in whichever configuration the stent is manipulated. 
Once manipulated to a radially expanded configuration, the warp 
filaments 34 will. bias the tubular, body toward this expanded 
configuration. In this alternate embodiment, the braided fila- 
ments need not be annealed as described earlier* The prosthe* 
tic stent may then be placed on the balloon 38 which is 
attached to the catheter 38, and the entire assembly is then 
positioned via the catheter 38 at the stenotic site. The 
balloon and the prosthetic stent 30 are expended within the 
plaque in the one catheterization, ae is shown in figure 4. 
The balloon 36 may then be deflated and removed, with the 
prosthetic stent 30 in the expanded (second) configuration 
remaining, the werp filaments 34 biasing the tubular body 
:cward the first (expanded) configuration. The expanded 
prosthetic stent will restrain the possible "cold flow" of the 
plaque. 

In yet another embodiment of the instant invention* thj 
*arp filaments 34 exactly as shown in figure 4 may be 
snrinkable. Zt is apparent from the above discussion that a 
shrinkable werp filament will physically attempt to move and 
thus bias the tubular body from the second toward the first 
configuration upon shrinking. It is within the scope ot tne 
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l ' 1V,n{l0fl m '-His i.iri^in, 4 . , 

»«•■>•' "=od,,.„ : .,„,„ :' ;• .* » 

«*—«• — u =. .."id .; ;", r *.::r r nt ' ■• ' 

'^•»».n. polym**. 1 ! aery late 

cnanats and maintain tfi«^« C H aM *- w 
-a; -inip.,utio„. «an9« 6y e»» c . 

»ll tn.r.fdc. appic , ne .„„,„,.,„ t , .. J .,. l ... 
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to th«i« specific embodiments, and departures .Tiay Se .rade 
therefro« within tn* scop* of vn e accompanying claims without 
departing from their principles and'without sacrificing tfieir 
chief advantages. 



«. A .fot M in cl . la 3 , 4 or Wh-Min tft# wa f ., 3 _ 
-»t. . r . ,„rinJ«bl. «nd .r. ..cur.d at th.ic .„d, to u,. 
r««p«ctiv« «oda of th« tubular body. 
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7. A stint aa in any one of claims 3 to 6 wherein the 
w «rp filaments are eLastic, and/or h at recoverable. 

8. A stent as in any preceiing claim, wherein said 
braided filaments are receptive to tissue ingrowth. 

9. A scant as in any preceding claim, wherein said 
braided^ filaments are non-thrombogenic, or non-hemolytic . 

10. A stent as in any preceding claim, wherein the 
diameter of the tubular body varies along the axial length 
thereof . 

U. A stent as in any preceding claim wherein said 
brai^td filaments are bioerodable, and preferably are made from 
catgut material. 

12. A stent as in any preceding c 
filaments are made from a thermoplast 
from a thermoplastic soft segment polyu 

13. A prosthetic stent according to a* h imi ■ 
for use in a method of providing internal support to 'a bodily 
duct, in which method the stent is collapsed to insert it int 
the bodily duet and then expended to provide active internal 
support for the duet. 

SSSSSffSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 
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